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Description 

IMAGE PROCESSING METHOD TO 
IMPROVE IMAGE SHARPNESS 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to image processing, and 
more specifically, to a method for processing an image 
using relatively constant CIE XYZ ratios for preserving hue 
characteristics. 

[0003] 2. Description of the Prior Art 

[0004] In the past, the unsharp mask (USM) filter has been used 
to enhance the local contrast (sharpness) of the original 
image lorg. The USM filter has been successfully applied 
in medical imaging and image editing tools. The USM filter 
operation typically uses a Gaussian low-pass filter to ob- 
tain a blurred image lus, whose blurriness is controlled by 
a parameter Gaussian radius which indicates Gaussian 
distribution with radius deviation in Gaussian"s probability 



distribution. 

[0005] The edge component of the original image is quantified as 
a (lorg-ius) term, wliich will be multiplied by a 3 coeffi- 
cient acting as an amount control parameter. Then, the 
original image lorg is added to the enlarged edge compo- 
nent 3*(lorg-lus) to yield the desired sharper image 1". 
Many previous patents (such as US No. 4,317,179 and US 
No. 4,315,318) have used a similar concept and formula, 
which is given in Eqn.l: 

I' = lorg +(b*[Iorg-Iu3) (1) 



[0006] 



Please refer to Fig.l. Fig.l shows an example of one 
method for carrying out the operation for obtaining the 
unsharp mask signal Sus according to the prior art. Refer- 



ring to Fig.l, the output of a photodetector 121 which 
measures the light emitted from the stimulable phosphor 
upon stimulation is amplified by an amplifier 122 which 
performs amplification including non-linear correction or 
band compression such as logarithmic conversion to ob- 
tain an original image signal Sorg. The original image sig- 
nal Sorg is fed to an operation unit 123 for conducting the 
unsharp masking process on one hand and on the other 
hand sent to a low-pass filter 124 to obtain the unsharp 
mask signal Sus. In the low-pass filter 124, the analog 
value of Sorg is filtered with only its super-low frequency 
component being transmitted therethrough and then con- 
verted to a digital signal Si by an A/D converter 125. The 
converted digital signal is used for calculating an arith- 
metic mean value 



by a digital calculating circuit 126. The obtained value is 
fed to the operation unit 123 as the unsharp mask signal 
Sus. In this formula, ai is a weighting coefficient for the 
signal Si coming from the A/D converter 125. In case of a 
simple arithmetic mean, ai is made to be equal to 1/N, N 




being the number of the scanning lines counted in the 
sub-scanning direction over a range to be covered by an 
unsharp mask. 

[0007] As shown in Fig.l, the original image signal Sorg is fed to 
the operation unit 123 in the form of an analog signal. 
Since this signal Sorg has been obtained before the un- 
sharp mask signal Sus is fed to the unit 123, it is neces- 
sary to delay the input of the original image signal Sorg so 
that both the signals Sorg and Sus are simultaneously fed 
to the unit 123. Alternatively, the original image signal 
Sorg may be stored in a memory after being converted to 
a digital value and read out from the memory when it is 
used together with the unsharp mask signal Sus. In any 
way, it is necessary to delay the input of the original im- 
age signal Sorg into the unit 123 by the time required for 
the unsharp mask signal Sus to be calculated through the 
low-pass filter 124, the A/D converter 125 and the circuit 
126, so that the signals Sorg and Sus are fed to the oper- 
ation unit 123 simultaneously. 

[0008] Another patent, US No. 5,937,111 uses a similar frame- 
work as above and includes extending the estimation of 
the suitable 3 coefficient through an image morphology 
operation. Please refer to Fig. 2. Fig. 2 is a block diagram 



showing an image processing apparatus according to tlie 
prior art. Tlie image processing apparatus illustrated in 
Fig. 2 carries out image processing on an image signal, 
which represents an X-ray image, and selectively empha- 
sizes a small calcified pattern, which has a predetermined 
contour and has an image density value smaller than the 
image density values of the surrounding image portions. 
[0009] The image processing apparatus comprises a low pass fil- 
ter 11 for obtaining an unsharp mask signal Sus, which 
corresponds to super-low frequency, from an original im- 
age signal Sorg, which is an image density signal (a high 
image density-high signal level type of image signal) rep- 
resenting an image. The image processing apparatus also 
comprises a subtracter 17 for subtracting the unsharp 
mask signal Sus from the original image signal Sorg and 
thereby extracting comparatively high frequency compo- 
nents (Sorg-Sus). The image processing apparatus further 
comprises a calcified pattern-dependent emphasis coeffi- 
cient calculating means 20 for extracting a calcified pat- 
tern signal, which represents a calcified pattern, from the 
original image signal Sorg and calculating a first emphasis 
coefficient 3calc, which is dependent upon the calcified 
pattern signal. The image processing apparatus still fur- 



ther comprises an edge signal-dependent emphasis coef- 
ficient calculating means 30 for extracting an edge signal, 
which represents an image edge portion, from the original 
image signal Sorg and calculating a second emphasis co- 
efficient 3eclge, which is dependent upon the edge signal. 
The image processing apparatus also comprises a multi- 
plier 41 for multiplying the first emphasis coefficient Peak 
and the second emphasis coefficient 3edge by each other 
and thereby calculating a single emphasis coefficient 3- 
The image processing apparatus further comprises a mul- 
tiplier 42 and an adder 43, which carry out the signal pro- 
cessing with the formula Sproc=Sorg+3*(Sorg-Sus) by us- 
ing the original image signal Sorg, the high frequency 
components (Sorg-Sus), and the emphasis coefficient 3 
and thereby obtain a processed image signal Sproc. 

[0010] In US patent No. 6,072,913, extending one specific radius 
Gaussian filter to set with N various radiuses is taught. 
The various radius set is used to construct the frequency 
banded image. Then, the difference of the desired fre- 
quency response and the current frequency is calculated 
to provide good control to the USM band filter. 

[001 1] These methods typically apply the USM filter on device or 
detector"s signal. Unfortunately, the prior art techniques 



all have at least two common drawbacks. First of all, the 
prior art methods generate complementary hue surround- 
ing object hue color when applying USM filters. This does 
not offer good color reproduction. Secondly, the prior art 
methods involve complex computation or unnecessarily 
repeated computation on device signal channels. For in- 
stance, a separate pass of the algorithm is used for each 
of the colors red, green, and blue (RGB) instead of pro- 
cessing the image in one pass. Similarly, if the colors 
cyan, magenta, yellow, and black are used, four passes 

will be required. 
Summary of Invention 

[0012] It js therefore a primary objective of the claimed invention 
to provide an image processing method wherein a colori- 
metrical characterization and luminance channel of an 
original image is prepared for USM operation in order to 
solve the above-mentioned problems. 

[0013] According to the claimed invention, a method for pro- 
cessing an image to increase sharpness of the image 
without changing hue characteristics is provided. The 
method includes performing a transformation process to 
transform an original image signal into CIE XYZ colorimet- 
ric channels, forming a luminance channel Y, applying a 



filter on the luminance channel Y to obtain a processed 
luminance channel Y", computing processed colorimetric 
channels X" and Z" based on the processed luminance 
channel Y", and performing an inverse transformation 
process to transform the processed colorimetric channels 
X'T'Z" into a processed image signal. 

[0014] It is an advantage of the claimed invention that the colori- 
metric channels X" and Z" are calculated based on the 
processed luminance channel Y" for maintaining a con- 
stant ratio between X, Y, Z and X", Y", Z", and maintaining 
hue characteristics in the processed image. 

[0015] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0016] Fjg i shows an example of one method for carrying out 
the operation for obtaining the unsharp mask signal Sus 
according to the prior art. 

[0017] Fjg,2 is a block diagram showing an image processing ap- 
paratus according to the prior art. 

[0018] Fig. 3 is a flowchart outlining steps of the present inven- 



tion image processing method. 
Detailed Description 

[0019] The present invention utilizes an efficient algoritlim to 

enliance image sliarpness wliile preserving iiue cliaracter- 
istics of the original image. An image detector or captur- 
ing device often captures the sharpness loss image due a 
to worse system modulation transfer function (MTF). The 
captured image pixels have a strong correlation to neigh- 
bors, and relation strength is similar to Gaussian distribu- 
tion types. This would highly reduce the strength of high 
frequency components in the original image. The major 
photo quantum contribution to one pixel detector can be 
modeled as summation of all neighbor"s radian power 
with Gaussian-like distribution weight. The radian power 
is convoluted by a luminous efficiency function to yield 
the luminance scale. It turns the infinite visible spectrum 
to one dimension for simplifying processing. To apply a 
USM or sharpness filter would be more reasonable when 
its input/output is linearly proportional to a luminance 
scale like CIE Y. The device signal is often not linearly pro- 
portional to a luminance scale. Therefore, in the present 
invention, the input/output processing of a USM or sharp- 
ness filter would be based on the Commission Interna- 



tionale de I'clairage (CIE) 1931 Y scale. Clearly, this pro- 
cessed color of the present invention has only a luminance 
Y" component. The other CIE X" and Z" processed color 
components could be respectively calculated from the 
original color XYZ and processed Y" by the formulas 
X"=(X/Y)*Y" and Z"=(Z/Y)*Y". The present invention keeps 
XYZ relative ratios constant to keep the hue of the pro- 
cessed color consistent with the hue of the original image 
color. 

[0020] Please refer to Fig. 3. Fig. 3 is a flowchart outlining steps of 
the present invention image processing method. Steps 
contained in the flowchart will be explained below. 

[0021] In step 200, an image detector or capturing device pro- 
vides color information in the form of red, green, and blue 
(RGB) components. Please note that instead of RGB colors, 
other colors components such as CMY or CMYK (cyan, 
magenta, yellow, and black) components can be used as 
well. In step 210, the RGB data components are trans- 
formed into CIE XYZ components. Out of these XYZ com- 
ponents, the luminance channel Y is formed in step 220. 
In steps 230 and 232, a USM or sharpness filter is applied 
on the luminance channel Y to yield a processed lumi- 
nance channel Y". Step 230 involves forming a Gaussian 



blur image while step 232 provides edge component en- 
hancement. The resulting processed luminance channel Y" 
is obtained in step 234. Next, in step 240, processed col- 
orimetric channels X" and Z" are calculated based on the 
processed luminance channel Y". The formulas used to 
calculate X" and Z" are X"=(X/Y)*Y" and Z"=(Z/Y)*Y". Since 
X" and Z" are calculated based on the processed lumi- 
nance channel Y", the ratios of processed colorimetric 
channel values X":Y" and Z":Y" are respectively equal to 
the ratios of colorimetric channel values X:Y and Z:Y. In 
other words, X:Y:Z = X":Y":Z". Finally, in step 250 the pro- 
cessed colorimetric channel data values are transformed 
into R"'G"B" (can also be C'M'T'K" or C"M"Y") data values 
using an inverse of the transformation function used in 
step 210. 

[0022] In summary, since the present invention method pro- 
cesses colorimetric channel values such that X:Y:Z = 
X":Y":Z", the processed image has the same hue charac- 
teristics as the original image. Therefore, the problem in 
the prior art in which a complementary hue is generated 
surrounding object hue colors when applying USM filters 
is avoided. Moreover, only one pass of the present inven- 
tion algorithm is needed to calculate X", Y", and Z" as 



compared to three different passes required in prior art 
metliods. Not only does the present invention method of- 
fer higher calculation efficiency than the prior art, but also 
hue characteristics are more accurately generated as well. 
[0023] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



